The charged Σ b and Σ * b states have recently been reported by the CDF Collaboration. The relation of their reported charge-averaged masses to expectations based on the quark model is reviewed briefly. A relation is proved among the ∆I = 1 electromagnetic mass differences Σ
The Collider Detector Facility (CDF) Collaboration at Fermilab has recently announced the observation of four new candidates for Σ ± b and Σ * ± b [1] , with masses very close to those expected in theory. Ref. [2] uses a double expansion in 1/N c and 1/m Q , where N c is the number of quark colors and m Q is the heavy quark mass, while Ref. [3] uses the quark model. These states are illustrated in Fig. 1 . They would have quark content buu, bdd with total spins J(Σ ± b ) = 1/2 and J(Σ * ± b ) = 3/2. The analysis of Ref. [1] studies the spectra of Λ b π ± states, finding peaks at the values of Q ( * )± ≡ M(Σ ( * )± ) − M(π ± ) − M(Λ b ) shown in Table I . These may be combined with the newly reported CDF value M(Λ b ) = 5619.7 ± 1.7 ± 1.7 MeV [4] to obtain masses of the Σ ( * )± b states. Here Q and Q * denote the averages of Q ± and Q * ± , respectively. In this analysis it was assumed that Q * + − Q * − = Q + − Q − . The main point of the present paper is to examine the validity of this assumption. 
Quantity
Value
We begin by discussing the non-electromagnetic mass splittings briefly. Here the basic physics is the same as that in [5] , which may be consulted for earlier references. The charge-averaged hyperfine splitting between the J = 1/2 and J = 3/2 states may be predicted from that for charmed particles:
where we use "constituent" quark masses from Ref. [6] . Using M(Σ * c ) = 2518.2 ± 0.5 MeV and M(Σ c ) = 2453.9 ± 0.2 MeV [7] , we find this ratio to be 0.33 ± 0.03. The first of Refs. 
to be compared with [7] 
Ref. [2] also predicts the equality of these mass splittings, and estimates that the b and c quantities should be equal to about ±5 MeV. Ref. [3] uses quark-model arguments to estimate the Σ b mass but eliminates reference to actual quark masses by using other hadron mass splittings.
We now turn to electromagnetic mass splittings. The discussion will be conducted in a quark model in which there are several sources of baryon electromagnetic mass differences [8] . Most of these cancel out when one takes the ∆I = 1 mass differences
However, we review briefly all sources of isospin violation in baryon masses.
Intrinsic quark masses.
The u and d quarks have intrinsic masses which differ by a couple of MeV [7] . Corresponding estimates for the strange quark mass are in the vicinity of 100 MeV. However, quarks in hadrons are more suitably described by the "constituent" values (see, e.g., Refs. [5] and [9] ) m u , m d = O(350) MeV, m s = O(500) MeV, with m d − m u of order a few MeV but quite uncertain. The quarks' kinetic energies may also depend on their masses. Without detailed knowledge of dynamics, it is difficult to anticipate this dependence. One may simply parametrize kinetic energies with labels K q for those contributions which act as one-body operators and K q i q j for those contributions which depend on interactions with each individual other quark.
Coulomb interactions between quarks.
Each quark pair in a hadron has a Coulomb interaction energy
where α is the electromagnetic fine structure constant, Q i is the charge of quark i in units of the proton charge, and 1/r ij is the expectation value of the inverse distance between the members of the pair. In the flavor-SU(3) limit 1/r ij will be universal throughout a multiplet. In this limit, we parametrize the interaction energy ∆E ij em = aQ i Q j , where a is some universal constant.
Strong hyperfine interactions.
Quarks in hadrons experience a spin-dependent force due to gluon exchange which acts dominantly on pairs in an S-wave state. For quark pairs in a baryon, one has a strong hyperfine interaction energy
where |Ψ ij (0)| 2 is the square of the S-wave wave function of two quarks at zero relative separation, and the constant is universal for all quark pairs in a baryon. We shall assume that |Ψ ij (0)| 2 is universal for all quark pairs in S-wave baryons. We then find a contribution to the hyperfine energy ∆E ij HFs = β σ i · σ j /(m i m j ). The calculation of strong hyperfine splittings in baryons, requiring evaluation of σ i · σ j for each quark pair, is described in more detail in Ref. [8] .
Electromagnetic hyperfine interactions.
The electromagnetic interaction between quarks in a baryon has a hyperfine contribution
Assuming universality of the wave functions, we parametrize this effect as ∆E ij HFe = γQ i Q j σ i · σ j /(m i m j ).
We now form the differences of ∆I = 1 mass differences for Σ ± and Σ * ± states. We find
where M ΛΣ 0 is an isospin-violating term mixing the Λ and Σ 0 . Corresponding relations may be written for Σ b and Σ * b with the substitution s → b:
The crucial point is that these differences are of order 1/m s and 1/m b , respectively. They are thus related by
We now use the experimental averages [7] Σ 1 = −8.08 ± 0.08 MeV , Σ * 1 = −4.4 ± 0.64 MeV ,
and the constituent-quark masses m s = 538 MeV [5] and m b = 4.9 GeV [6] to predict Σ * b1 − Σ b1 = 0.40 ± 0.07 MeV (13)
While the analysis of Ref. [1] assumed Σ * b1 − Σ b1 = 0 (which would be accurate in the limit of m b → ∞), the relatively small value in Eq. (13) is not likely to lead to a substantial change in masses obtained from experiment. 
